The Earth 0 s climate is warming, especially in the mid-and high latitudes of the Northern
Introduction
The Earth 0 s climate is changing and increases in global surface temperatures attributable to human activities have become apparent since the 1950s, especially in the mid-and high the last 120 years for the waters that surrounding the breeding range of the northern elephant seal. The SST was used as a climate indicator because of its direct influence on the lower atmosphere, and hence on local weather and climate [25] . Additional air temperature data recorded at Cedros Island since the late 1950s was also used to assess local climate trends.
Materials and methods

Status of the Baja California population
We used the number of pups produced to estimate both population trends and size since this is the best way to reduce bias in the assessment [26] . We compiled direct counts of live pups (suckling and weaners) conducted at the end of the birthing season in February, where we assumed the number of pups counted was equal to the number of pups produced (Table 1) . Since pups remain on land until~2.5 months old, we assumed that all living pups were detected. However, because counts were carried out at the end of the birthing season, it is likely that some pups had died before the count, and therefore the total pup production could be slightly underestimated. For the Baja California population, the mortality rate between birth and weaning has been estimated for a single colony (San Benito), and only for two seasons in the early 2000s [27] . We decided not to use that information to try to estimate pup production because this rate can vary annually and locally. In some years, no pup counts were carried out on Guadalupe and San Benito islands, but direct counts of females were conducted in January. The number of pups produced was estimated based on these counts (Table 1) taking into account the temporal distribution of females on land together with the birth rate (B). Female elephant seals are asynchronous [32] , but their temporal distribution on land remains consistent from year to year [27, 33] . Female temporal distributions were described for the San Benito colony [27] using the Rothery and McCann model (RMM) [33] . Thus, we calculated the total number of females that arrived at each colony during the whole breeding season as the number of females counted divided by the expected proportion of females on land at the count date, obtained based on the RMM. The number of pups produced was estimated by multiplying the total number of females by B, estimated at 74.19 ± 3.45% for the San Benito colony during the period 2002-2016 [34] . It is important to note that both the expected proportion of females on land and B were calculated for the San Benito colony, but were used to estimate the pup production in Guadalupe (see Table 1 ). This could represent a source of error since these values could vary locally; however, this was the only way to estimate the pup production with the available data. The intrinsic rate of population increase was calculated by linear regression: log e number of pups produced regressed on time, where r is the slope of the linear regression, and converted to the annual rate of increase as λ = e r [35] . Because trends can vary in time, the optimal breakpoint in a time series with n !10 was determined using the freely available software SegReg (https://www.waterlog.info). The coefficient of variation (CV) of the average annual growth rate was calculated dividing the slope of the regression by the standard error of the slope [18] . Population size was estimated for 2009 because it was the latest year with available data from all colonies. The estimate was made by multiplying the number of pups produced by the factor M calculated for the northern elephant seal population in California [18] , which varies according to the average annual rate of increase λ.
Climate trends
We used monthly SST data for the Pacific Ocean basin, spanning the period January 1897 through December 2016, from the Extended Reconstruction Sea Surface Temperature Version 3b (ERSSTv3b). This version of the database has data available through 2016 [36] , and is freely available from https://www.ncdc.noaa.gov. Prior to the estimation of SST trends, a low-pass Lanczos filter [37] with a cutoff period of 1.2 yr was applied to the data to remove the semiannual and annual cycles. Rotated empirical orthogonal functions (REOF) were then calculated for the entire Pacific Ocean basin from the filtered and detrended data to isolate the El Niño Southern Oscillation (ENSO) signal. Rotation of the empirical orthogonal functions was done following the varimax method [38] .
SST trends were estimated over 30 year periods beginning in 1897 from the residual of the filtered (but not detrended) data and a reconstruction of Pacific Ocean SSTs done using only the first REOF mode, which clearly captures the ENSO signal. The SST trends, estimated following Sen's slope method [39] , are therefore assured to reflect only variability on decadal-or longer-time scales. Statistical significance of the trends at the 95 and 99% confidence levels was evaluated by use of the nonparametric Mann-Kendall test (MK) [40] .
Records of air temperature taken at Cedros Island during the period 1957-1995 were obtained from the Servicio Meteorológico Nacional (SMN) dataset, freely available at the Comisión Nacional del Agua (CONAGUA) web page. Data were recorded at SMN station 2027 (28˚5'50@N, 115˚11'12@W, elevation 10m). The datasets consist of daily maximum, minimum, and mean air temperature values. These data were used to estimate monthly values that were in turn averaged to obtain seasonal and annual estimates for air temperatures. Seasons were defined using the standard meteorological definition: winter = December, January and February; spring = March, April and May; summer = June, July and August, and autumn = September, October and November.
Air temperature trends were also determined using the MK test to assess the probability that a trend exists in the data that is statistically different from zero, and to evaluate its increasing or decreasing slope [41] . Even though the time series has data gaps, the analysis can be performed because the MK test allows for missing data by appropriately reducing the value of the sample size. When a significant trend (P < 0.05) in the air temperature was detected, the magnitude of the slope (b) was computed and expressed in˚C yr -1 . Finally, we examined the number of heat waves during winter and early spring (i. e., from December to April), which corresponds to the birth season and the post-weaning fast, respectively. A heat wave was defined as a single day with an average maximum temperature ! 25.1˚C. This temperature value was used as a threshold because it was determined as the upper critical air temperature for harbour seal (Phoca vitulina) dry weaned pups [42] .
Results
Status of the Baja California population
The optimal breakpoints for the Guadalupe (n = 13) and San Benito (n = 16) colonies we found to be 1991 and 1997, respectively, and trend analyses showed that both colonies are currently declining ( Table 2, Fig 2) . The Cedros colony appears to have stabilized since 1991 ( Table 2 ).
The number of pups in the three major colonies in Baja California in 2009 was estimated to be n = 5,174. Fifty-nine percent of births occurred in the Guadalupe colony, 33% in San Benito, and 8% in Cedros (see Table 1 ). Forty-one more pups were reported at Coronados Islands (27 pups), Todos Santos Islands (10), San Martín Island (3), and San Jerónimo Island (1) [21] (see Fig 1) .
For the period 1970-2009, the average annual rate of increase of the Baja California population was calculated to be 0.99 (Table 2 ). The multiplicative factor M at this λ value is 4.31 (95% CI: 3.59-5.02) [18] , and hence the population size in 2009 was estimated to be n = 22,300 individuals (95% CI: 18,575-25,974).
Climate trends
As expected, the dominant mode of variability of the filtered and detrended SST data in the Pacific Ocean was due to the ENSO phenomenon (REOF mode 1, Fig 3a) . The expansion coefficients, i.e. the time varying component, of the first mode of our REOF analysis were highly correlated (r = 0.94) with the Multivariate ENSO Index [43] , the mode accounted for 55% of the total variance of the SST fields. For any given ENSO event of either sign, the region experienced SST anomalies that are in phase with the equatorial Pacific Ocean and have magnitudes that were roughly half of those that occur at the epicenter of the phenomenon in the ocean near Perú and Ecuador.
The SST analysis (Fig 3) revealed that Pacific Ocean surface waters off Baja California, south of 30˚N, have been warming during the last three decades (1987-2016, Fig 3d) at a rate that roughly doubles the rate of increase in global mean SST of 0.06˚C decade -1 reported to have occurred since 1910 [44] . This recent strong warming trend is in sharp contrast to the cooling that occurred in that region throughout most of the 20th century (Fig 3b and 3c) . The first three decades of our study period (1897-1926) also had similar cooling trends.
The signal of the Pacific Decadal Oscillation (PDO) was not isolated in a single mode by our REOF analysis, as was the case with ENSO and the first mode. Rather, decadal variability in our REOF decomposition was spread out between modes 1 and 2; their expansion coefficients correlated with the widely used monthly PDO index [45] with r = 0.63 and r = 0.45, respectively, both at P < 0.05. Correlation of the expansion coefficients of all other modes with the PDO index is significantly smaller. Therefore, decadal variability related to the PDO phenomenon was only partially removed with the subtraction of REOF mode 1 prior to the calculation of the SST trends presented in Fig 3. It is noteworthy however that the PDO was in its negative phase throughout most of the period reflected in Fig 3d [46] .
The average annual air temperature for the study period (1957-1995) was 19.8 ± 3.0˚C (range: -1.1, 40.2˚C). The MK test revealed positive and significant trends in both the annual and seasonal time series of the mean and minimum air temperatures. The maximum temperatures had positive but not significant trends (Table 3) . Therefore, over the period, minimum air temperatures increased at a higher rate than the maximum temperatures. The maximum positive trends of the mean temperature were detected during summer (0.10˚C yr -1 ) and autumn (0.12˚C yr -1 ), but the highest rate of increase of the minimum air temperature was found in the autumn and winter time series (both at 0.15˚C yr -1 ). The annual mean temperature increased at a rate of 0.09˚C yr -1 , whereas the minimum temperature increased by 0.12˚C yr -1 (Table 3) . Temperature anomalies relative to the 1960-1991 average revealed that the 1970s were a cold decade, but both the mean and minimum air temperatures have increased since 1978 (Fig 4) . One thousand two hundred sixty-one heat waves were recorded during 5,061 days with available data (which represents a frequency of 24.9%) in the winter and early-spring time series of the whole study period. The frequency of the heat waves increased significantly in the 
Discussion
During the early 21st century, the number of northern elephant seals using Baja California islands is decreasing because the two major colonies of Guadalupe and San Benito have experienced population declines, whereas the Cedros colony seems to have stabilized. For 2009, the abundance in Baja California was estimated to be ca. 22,000 individuals. Adding that to the abundance estimated for California in 2010 [18] , the total population size of the northern The northern elephant seal is protected by the Mexican laws, and all the islands of Baja California are natural areas protected by the Mexican government. Thus, the Baja California population is not subject to any kind of human exploitation, and its natural environment is managed under conservation plans. Moreover, no major mortality events (e.g., due to disease outbreaks) have been detected so far, and incidental mortality in fishing equipment seems to be very low [47] . Thus, environmental factors seem to be the main causes of population fluctuations.
Since the distribution of pinnipeds is influenced by their ability to thermoregulate while on land [42] , we propose that the population declines of the Baja California colonies are related to observed climatic change. For land pinnipeds, heat is an environmental threat because of metabolic rate increases and risk of hyperthermia or heat stroke [48] . Northern elephant seals are physiologically well adapted to the cold-waters of the North Pacific, but heat dissipation could be a problem when they are on their temperate and subtropical breeding areas. Like other phocids, they cannot pant and do not have sweat glands, and heat is dissipated through thermal windows [49, 50] . On warm days, elephant seals throw moist sand on their back and move towards the water 0 s edge [51] , but these movements are energetically very costly and can affect the mother-pup relationship during the nursing period [52, 53] .
Our SST analysis shows that the surface waters off Baja California have warmed during the last three decades. The recent strong SST warming trend of the habitat off Baja California of the northern elephant seal is in sharp contrast to the weak cooling that occurred in that region throughout most of the 20th century. The region of the Pacific Ocean that is adjacent to the Baja California peninsula is directly affected by ENSO events, and positive El Niño associated ENSO events must therefore constitute a source of significant thermal stress for northern elephant seals. The PDO was in its negative phase throughout most of the period 1987-2016 and its spatial structure is similar to the ENSO mode in that its negative phase implies a cooling effect in the region of interest [46] .
The SST and air temperature are in general correlated. In coastal zones of California, changes in minimum air temperatures are driven by SST variability [54, 55] . The annual mean surface air temperature around Baja California islands is in the range 17-20˚C [56, 57] . We detected an increment of 0.9˚C decade -1 for the period 1957-1995, and this warming was mainly caused by the increment in minimum air temperatures. Unfortunately, the lack of recent data makes it impossible to confirm if this trend in air temperature has persisted over the past 20 years. However, it is likely due to the close relationship between SST and air temperature in the study areas. Alternately, heat waves, as defined in this study, are not unusual events in the region, and their frequency during winter and spring has increased since the late 1970s. These events could potentially produce hyperthermia, and are especially dangerous during the birthing season and the post-weaning fast because pups have diminished heat tolerance due to their high mass-specific metabolism [42, 58] . In fact, during an extreme warm winter in the late 2000s, pup mortality at one of the San Benito Islands was >90% in harems without access to the sea [59] .
Conclusions
The results obtained in this study suggest that numbers of northern elephant seals in Baja California colonies are decreasing, and the climate in the region is warming. Since population sizes in the Channel Islands of southern California are increasing [18] , we propose that these seals may not be migrating as far south as in previous years, probably in response to the observed temperature increases. Current climate projections predict that the SST and air temperatures will continue to warm during the 21st century, with the strongest warming projected for the tropical and subtropical regions of the Northern Hemisphere [1] . Under these environment scenarios, it is possible that the Baja California colonies will continue to decrease in the future, while the Channel Islands colonies will continue to grow. Further research on the dispersal of northern elephant seals is necessary to confirm this change using, for example, tagged animals. Our results also imply that the colonies of Baja California and California are not demographically isolated, as previously suggested [47] , but should be considered and managed as a single population.
